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(54) Switched-mode power supply 

(57) Switched-mode power supplies require a 
power lactor correction circuit in order to conply with 
anticipated regulations for the harmonic load on the line 
network. The object is to specify a switched-mode 
power supply of this type, which operates reliably over a 
wide input voltage range. 

In its second current path (12), which produces a 
connection between a rectifier element (BR) and a tap 
(A) on the primary winding (W1) of a transtormer (TR), 
the switched-mode power supply contains a capacitor 
(CIS) which produces current limiting for an inductance 



(L19) in this cun-ent path. When the switching transistor 
(T60) is in the switching mode the inductance (Li 9) is 
charged, when the switching transistor {T60) Is switched 
on. in the sense of an energy store until the capacitor 
(CI 9) is charged. When the switching transistor (T60) is 
switched off. the inductance (LI 9) and the capacitor 
(CI 9) are discharged via a diode (D18) in the direction 
of an energy-storage capacitor (C20). 

Particular applications include television sets and 
similar consumer electronics equipment. 
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Description 

[0001] The invention is based on a switched-mode 
power supply according to the features of the prechar- 
acterizing dause of Claim 1. A suvitched-mode power 
supply of this type has been disclosed in DE 1 96 1 0 762 
A1. 

[0002] Switched-mode power supplies produce a 
severely pulsed load on the line network, whidi leads to 
harmonic currents on the line network. This load occurs 
in particular at the voltage peaks of the sinusoidal net- 
work voltage, at which points an energy-storage capac- 
itor In the switched-mode power supply Is recharged. In 
order to limit this load from harmonic currents, an 
increasing number of international regulations are being 
produced for switched-mode power supplies whose aim 
is to design future switched-mode power supplies to 
achieve a more sinusoidal current consumption. The 
harmonic load on the tine network can also be quoted in 
terms of a so-called power factor. 
[0003] Another switched-mode power supply wfth a 
reduced harmonic load on the line network is disclosed 
in EP 0 700 145 A2. This switched-mode power supply 
likewise contains a second current path on the primary 
side, which has an inductance and a diode and pro- 
duces a connection between a charge capacitor down- 
stream of the rectifier on the network side and a tap on 
the primary winding of the transformer. The inductance 
acts as an energy store which is charged in the phase 
when the switching transistor is switched on and subse- 
quently emits its energy, in the phase when the switch- 
ing transistor is switched off. via the diode and the 
primary winding to the energy-storage capacitor. This 
charging and discharging process leads to a current 
drawn from the line network over the entire seo** phase 
range of the tine network, since an unfiitered half-wave 
sinusoidal voltage of constant polarity is present across 
the charging capacitor. 

[0004] EP 0 596 197 A2 discloses a switched-mode 
power supply having a sinusoidal current consumption, 
which contains a cunrent pump with a capacitor which is 
charged via the network rectifier during the phase when 
the switching transistor is switched on. and emits this 
stored energy to an energy-storage capacitor when ihe 
switching transistor is switched off. 
[0005] The object of the present invention is to specify 
a switched-mode power sup^y of the type mentioned 
initially, which operates reliably over a wide input volt- 
age range. 

[0006] This object is achieved by the features of Claim 
1. Advantageous developments of the invention are 
specified in the dependent claims. 
[0007] The switched-mode power supply according to 
the invention contains a capacitor in the second current 
path, which capacitor is arranged, in particular, between 
the inductance and the tap on the primary winding. This 
capacitor produces current limiting in the secorxl cur- 
rent path, thus ensuring that the core of the inductance 



as well as the core of the primary winding, and. in con- 
sequenceilKe core of the transformer do not enter sat- 
uration. In consequence, the switched-mode power 
supply operates reliably over an input voltage range 
5 from 190 to 265 V. 

[0008] The current limiting is particularly important in 
the event of brief network intenruptions. In the event of a 
network interruption, the switched-nrxxle power supply 
continues to operate as long as the charge on the 

10 energy-storage capacitor is still sufficient If the network 
voltage is now reapplied with the energy-storage capac- 
itor in a deep-discharge state, then a high current flows 
through the Inductance, which can lead to saturation of 
its ferrite material. This situation occurs, in particular, as 

75 a result of ttie fact that, downstream of the inductance, 
there is still a connection via a diode to the energy-stor- 
age capacitor. 

[0009] Furthermore, the capacitor acts as a damping 
element at the moment when the switching tranastor 

20 switches off and thus reduces its dV/dt. which leads to 
reduced switching-off losses in the switching transistor. 
The second current path has a cun-ent pumping effect 
whose intensity can be influenced by the inductance 
and the capacitance of these components. 

26 [001 0] The invention will be explained in more detail in 
tiie following text with reference, by way of example, to 
an exemplary embodiment which is illustrated in the fig- 
ure, in which: 

30 The figure shows an input circuit for a switched- 
mode power supply base6 on the flyback converter 
prindple. with a reduced harmonic load on the line 
network. 

35 [001 1 ] The switchedHTiode power supply in the figure 
contains a transformer TR with primary windings W1 
and W2 and secondary windings W3 and W4. The pri- 
mary winding W1 is connected in series with a switching 
transistor T60 which is switched on and off periodically 

40 by a control circuit (which is not illustrated in the figure), 
as a result of which energy is transmitted from the pri- 
mary skle to the secorxiary side of the switched-mode 
power supply. The primary winding W1 is connected via 
a first connection 1 to an energy-storage capacitor C20. 

45 and via a second connectnn 2 to the switching transis- 
tor T60. 

[0012] A rectifier element is arranged on the input 
side, in this exemplary embodiment a bridge rectifier BR 
which is connected to the network voltage UN. On the 

50 output side, the bridge rectifier BR has connected in 
series with it. respectively, a capacitor 10 with a low 
capacitance and. downstream of a resistor Rio. a first 
cun^ent path II with a first diode D1 6 which leads to the 
en rgy-storage capacitor C20, and a second current 

55 path 12 with an inductor LI 5. an inductarx:e LI 9 and a 
capacitor CI 9 which leads to a tap A on the primary 
winding W1 . The inductor LI 5 has an iron core and rep- 
resents a damping element together with a capacitor 
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CI 8 which is connected on one side to the second cur- rent flew through the current path II is considerably 
rent path 12 between the inductor LI 5 and the Induct- reduced. It is thus necessary to ensure that the capad- 
ance L19, and on the other side to the first curent path tor C20 has an adequate voltage rating. The inductor 
II downstream of the diode D16. L15 and the capacitor C18 form an LC element with 
[0013] The capacitor CIO and the resistor RIO pro- s high inertia, owing to the inductor's iron core. The effect 
duce only a small amount of smoothing of the output of this current pump also depends on the switching fre- 
signal which is present on the bridge rectifier BR. so quency of the switched-mode power supply. This rela- 
that a rectified sinusoidal voltage is essentially still tionship is critcal in the case of a switched-mode power 
presentdownstreamof the resistor RIO. If this sinusol- supply whose switching frequency is load-dependent 
dal voltage is higher than the voltage level across the io since, in this case, the switching frequency increases at 
energy-storage capacitor C20. then a current flows via a reduced load. This results in the effect of the power 
the diode D16 in the first current path II. and charges ^^or conrection circuit increasing, and the capacitor 
the capacitor C20. The diode D1 6 is connected in paral- ^20 being charged to an increased extent The centre 
let with a capacitor C15, which damps the cunrent tap for the tap A on the primary winding W1 can be 
surges through the diode D1 6. is selected in an appropriate manner to prevent this 
[001 4] The cun-ent path 12 produces a further connec- capacitor from being overcharged, 
tion for the energy-storage capacitor C20. and this fur- [0017] A switched-OKde power supply of this type can 
ther connection is active in this case over the entire be used in particular for consumer electronics equip- 
period of the 50 Hz network frequency since, when the ment with a relatively high power consumption, for 
switching transistor T60 is switched on. a current always so example television sets. However, applications are like- 
flows via the current path 12 and the tap A on the pri- wise possible, for example, for computer monitors and 
mary winding W1. In this case, in every phase when the professional equipment. The switched-mode power 
switching transistor T60 is switched on. the inductance supply in the figure may be matched appropriately to the 
L19 is charged in the sense of an energy store, but lim- requirement, and is thus only exemplary. In particular, 
ited by the capacitor C19. since a current flows through 2S the switching transistor T60 need not necessarily be a 
this capacitor Cl 9 only until it is charged. A connection bipolar transistor, but also covers field-effect transistors 
in the direction of the charge capacitor C20 is produced and other types of transistors. 

via a diode D18. which is connected on one side to the [0018] The invention is explained, by way of example, 

inductance LI 9 and the capacitance C19 in the second in the figure for a switched-nxxde power supply operat- 

cun-ent path 12, and on the other side to the first current so ing on the flyback converter principle. However, the 

path II, downstream of the first diode D16. In conse- invention is likewise applicat^le to other switched-mode 

quence. the energy in the inductance LI 9 is passed on power supplies, for example forward converters, 
directiy to the energy-storage capacitor C20 without 

having to pass over the circuitous route via the tap A on Claims 

the primary winding W1 . When the switching transistor 35 

T60 is switched off. then the tap A is at a higher voltage 1 - Switched-mode power supply having a rectifier ele- 
than the voltage across the energy-storage capacitor ment (BR), an energy-storage capacitor (C20), a 
C20, caused by the stray inductance in the primary transformer (TR) with a primary winding (W1) which 
winding W1 . In consequence, the capacitor CI 9 and the is connected by a first connection (1 ) to the energy- 
inductance LI 9 are discharged via the diode D18. 40 storage capacitor (C20) arxi by a second connec- 
When the switching transistor T60 subsequently tion (2) to a series-connected switching transistor 
switches on again, then this cycle commences from the (T60). the switched-mode power supply.containing 
start once again. a first current path (II) with a first diode (D16). 
1001 5] This current punping effect is furttier limited by which first cun-ent path (II) produces a connection 
connecting the second current path to a centre tap. the 45 between the rectifier element (BR) and the energy- 
tap A. on tiie transfomier TR. This prevents the capaci- storage capacitor (C20) and which switched-mode 
tor C20 from being overcharged in the partial load and power supply contains a second current path (12) 
no-load situations. A centre tap is particularly advanta- having an inductance (LI 9) which produces a con- 
geous if the turns ratio of the primary winding W1 nection between the rectifier element (BR) and a 
between the first connection 1 and the tap A. and so tap (A) on the primary vwnding (W1). and a second 
between the tap A and the second connection 2. is cSode (D18) which leads to the energy-storage 
about 1/3 to 2/3. Configurations in which the tap A coin- capacitor {C20) being connected to the second cur- 
cides with one of the connections 1 or 2 are, however. rent path (12). characterized in that a capacitor 
also possible. (Cl 9) is arranged in the second current path (12). 
[001 6] The current pumping effect of the cun&tt path 55 

12 results in the capacitor C20 being charged to voHage 2. Switched-mode power supply according to Claim 1 , 

levels which may be greater than the peak value of the characterized in that the capacitance of the 

rectified network voltage UN. In consequence, the cur- capacitor (C19) is selected in such a manner tfiat 
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current limiting is produced in the second cunent 
path (12). 

3. Switched-mode power supply according to Cairn 2, 
characterized in that the current limiting is 5 
selected in such a manner that saturatbn of the 
core of the inductance (LI 9) and of the primary 
winding (W1) is prevented. 

4. Switched-mode power supply according to Gaim 2, io 
characterized in that the capacitor (C19) is 
arranged between the inductance (LIS) and the tap 
(A). 

5. Switched-mode power supply according to Claim 4. is 
characterized In that the connection point of the 
second diode (D18) to the second current path (12) 

is located between the inductance (L19) and the 
capacitor (C19) 

20 

6. Switched-mode power supply according to Claim 2, 
characterized In that the turns ratio of the primary 
winding (W1) t>etween the first connection (1) and 
the tap (A), and between the tap (A) arxJ the second 
connection (2) is about 1/3 to 2/3. 25 

7. Switched-mode power supply according to Gaim 2, 
characterized In that an LC element (L15. CI 8) is 
located in the second current path (12), upstream of 
the inductance (L1 9). for damping, and its capacitor 30 
(C18) is connected to the first current path (11). 

8. Swrtched-mode power supply according to Claim 2, 
characterized in that a capacitance (CIS. C17, 
C19) is in each case connected in parallel with the 35 
first diode (D16) and the second diode (D1 8). 

9. Switched-mode power supply according to one of 
the preceding claims, characterized In that the 
swrtched-mode power supply operates on the fly- 40 
back converter principle or the forward converter 
principle. 
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(54) Switched-mode power supply 

(57) Switched-mode power supplies require a 
power factor correction circuit in order to comply with 
anticipated regulations for the harmonic load on the line 
network. The object is to specify a switched-mode 
power supply of this type, which operates reliably over a 
wide input voltage range. 

In its second current path (12), which produces a 
connection between a rectifier element (BR) and a tap 
(A) on the primary winding (W1) of a transformer (TR), 
the switched-mode power supply contains a capacitor 
(CI 9) which produces current limiting for an inductance 



(LI 9) in this current path. When the switching transistor 
(T60) is in the switching mode the inductance (LI 9) is 
charged, when the switching transistor (T60) is switched 
on, in the sense of an energy store until the capacitor 
(CI 9) is charged. When the switching transistor (T60) is 
switched off, the inductance (LI 9) and the capacitor 
(CI 9) are discharged via a diode (D18) in the direction 
of an energy-storage capacitor (C20). 

Particular applications include television sets and 
similar consumer electronics equipment. 
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